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thereto spaced above a ground plane and one or more spaced 
apart parasitic elements spaced above the ?rst element. The 
?rst and parasitic elements may be tuned to a fundamental 
mode for radiation of a speci?ed frequency. The geometric 
centers of the parasitic elements are offset from one another 
and from the geometric center of the ?rst element along the 
same direction. The stacked patch con?guration provides 
increased gain and bandwidth. The offset con?guration 
determines the direction of maximum gain for the antenna. 
The ?rst and parasitic elements can be single antenna 
elements and may be microstrip antenna elements. The 
elements can also be arrays of microstrip antenna elements. 
The phasing of the arrays of microstrip elements can be 
controlled to determine a gain sensitivity direction. 
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OFFSET STACKED PATCH ANTENNA AND 
METHOD 

RELATED APPLICATIONS 

[0001] This application is co-pending With related patent 
application entitled “Feed Network and Method for an 
Offset Stacked Patch Antenna Array” (Attorney Docket No. 
04607-5501), by the same inventor and having assignee in 
common, each ?led concurrently hereWith, and incorporated 
by reference herein in its entirety. 

FIELD 

[0002] This application relates to the ?eld of patch anten 
nas, and more particularly to stacked patch antennas using 
offset multiple elements to control the direction of maximum 
antenna sensitivity. 

BACKGROUND 

[0003] Many satellite mobile communication applications 
require that the direction of maXimum sensitivity or gain of 
a receiving antenna be adjusted; i.e., that the receiving 
antenna be directed toWards the satellite and track the 
satellite While the vehicle is moving and turning. 

[0004] Typically, in the continental United States televi 
sion satellites may be betWeen 30° and 60° above the 
horiZon. In mobile satellite television applications, operating 
in a 12 GHZ range, standard dish antennas may be mounted 
on the vehicle and mechanically rotated to the appropriate 
aZimuth and tilted to the appropriate elevation to track the 
satellite. 

[0005] While such systems may provide adequate signal 
acquisition and tracking, the antenna, tracking mechanism 
and protective dome cover may present a pro?le on the order 
of 15 inches high and 30 inches or more in diameter. This 
siZe pro?le may be acceptable on marine vehicles, commer 
cial vehicles and large recreational vehicles, such as motor 
homes. HoWever, for applications Where a loWer pro?le is 
desirable, a special loW pro?le dish antenna, or a planar 
antenna element, or array of elements may be preferred. 
HoWever, loW pro?le dish antennas may only decrease 
overall height by tWo to four inches. Planar antennas suffer 
in that maXimum gain may be orthogonal to the plane of the 
antenna, thus not optimally directed at a satellite, Which may 
be 60° from that direction. 

[0006] In a planar phased array antenna, a stationary array 
of antenna elements may be employed. The array elements 
may be produced inexpensively by conventional integrated 
circuit manufacturing techniques, e.g., photolithography, on 
a continuous dielectric substrate, and may be referred to as 
microstrip antennas. The direction of spatial gain or sensi 
tivity of the antenna can be changed by adjusting the relative 
phase of the signals received from the antenna elements. 
HoWever, gain may vary as the cosine of the angle from the 
direction of maXimum gain, typically orthogonal to the 
plane of the array; and this may result in inadequate gain at 
typical satellite elevations. Attempts have been made to 
change the direction of maXimum gain by arranging micros 
trip elements in a Yagi con?guration. For eXample, see US. 
Pat. No. 4,370,657, “Electrically end coupled parasitic 
microstrip antennas” to Kaloi; US. Pat. No. 5,008,681, 
“Microstrip antenna With parasitic elements” to Cavallaro, et 
al.; and US. Pat. No. 5,220,335, “Planar microstrip Yagi 
antenna array” to Huang. 
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[0007] In another con?guration described in “MSAT 
Vehicular Antennas With Self Scanning Array Elements,” L. 
Shafai, Proceedings of the Second International Mobile 
Satellite Conference, OttaWa, 1990, and referred to herein as 
a dual mode patch antenna, an element tuned to a funda 
mental mode can be stacked above an element tuned to a 
second mode. To date, these attempts have had limited 
success as mobile communications antenna and have proved 
impractical as phased array antenna in general. 

SUMMARY 

[0008] An antenna having maXimum gain at an angle With 
respect to a major aXis, de?ned as the gain angle of the 
antenna, may comprise a substantially planar conductive 
ground plane element normal to the major aXis, a substan 
tially planar ?rst antenna layer parallel to and having a ?rst 
spaced apart relation from the ground plane element and 
comprising at least one ?rst layer antenna element tuned to 
a fundamental mode for radiation of a speci?ed frequency, 
for one or more of the said ?rst layer antenna elements, at 
least one feed line connected thereto and at least one 
substantially planar additional layer, each additional layer 
parallel to and having a respective spaced apart relation from 
the ?rst layer, each additional layer comprising at least one 
respective additional layer antenna element tuned to the 
fundamental mode, Which respective additional layer 
antenna element corresponds to a speci?ed ?rst layer 
antenna element and has a respective offset relation from the 
speci?ed ?rst layer antenna element in a direction normal to 
the speci?ed axis. 

[0009] The antenna layers may be comprised of microstrip 
antenna elements arranged in corresponding arrays of 
antenna elements, With microstrip feeds thereto and having 
dielectric material disposed betWeen the ?rst antenna layer 
and the ground plane and betWeen the layers. The arrays of 
antenna elements may be arranged in columns and roWs and 
may be arranged to be substantially circular. The antenna 
elements may be fabricated of truncated circles having 
central aXes parallel to truncated sides of the said elements 
and oriented such that the central aXes of adjacent ?rst layer 
antenna elements in a speci?ed column Which are connected 
to a speci?ed feed line are rotated through 90° With respect 
to each other. 

[0010] The antenna may set the phasing of adjacent ele 
ments of the array to obtain a gain sensitivity at an angle 
corresponding to the gain angle of the antenna. The antenna 
may be rotated and tilted to track to the direction and 
elevation of a satellite transmitter. The array of antenna 
elements may be a phased array to steer a spatial gain of the 
antenna to track the elevation. 

[0011] The antenna may comprise at least one coaXial 
cable feed having an outer conductor connected to the 
ground plane element and having a center conductor con 
nected to at least one of the feed lines. The respective 
additional layer antenna element offset relations from the 
corresponding ?rst layer antenna element may increase as 
the respective additional layer spaced apart relations from 
the ?rst layer increase. 

[0012] In one embodiment, an antenna having maXimum 
gain at a gain angle With respect to a speci?ed aXis of the 
antenna may comprise a substantially planar conductive 
ground plane element normal to the speci?ed aXis and a 
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substantially planar ?rst layer and at least one substantially 
planar additional layer, each layer comprising a plurality of 
microstrip truncated circle antenna elements having central 
aXes parallel to truncated sides of the elements, the elements 
tuned to a fundamental mode for radiation of a speci?ed 
frequency, the elements forming corresponding arrays of 
elements on the layers, each layer being parallel to and 
having a respective spaced apart relation from the ground 
plane element, each array of additional layer elements 
having a respective offset relation from the array of ?rst 
layer elements in a direction normal to the speci?ed aXis, the 
offset relations increasing as the spaced apart relations 
increase. 

[0013] A dielectric material may be disposed betWeen the 
ground plane element and the ?rst layer, betWeen the ?rst 
layer and one additional layer, and betWeen successive 
additional layers When the antenna comprises more than one 
additional layer. The dielectric material can maintain the 
respective spaced apart relations betWeen the layers. A 
microstrip feed netWork in a plane of the ?rst layer may be 
connected to ?rst layer antenna elements and phasing means 
may set a phasing of adjacent ?rst layer antenna elements to 
provide a gain sensitivity at a speci?ed angle relative to the 
speci?ed aXis of the antenna. 

[0014] A method of providing a maximum gain of a 
stacked patch antenna at a gain angle With respect to a 
speci?ed aXis of the antenna may comprise placing a sub 
stantially planar ?rst layer, comprising at least one ?rst layer 
antenna element, parallel to and a ?rst distance apart from a 
substantially planar conductive ground plane element nor 
mal to the speci?ed aXis, connecting a feed line to one or 
more of said ?rst layer antenna elements, placing at least one 
substantially planar additional layer, parallel to and a speci 
?ed distance apart from the ?rst layer, each additional layer 
comprising at least one additional layer antenna element 
corresponding to a speci?ed ?rst layer antenna element and 
being offset a speci?ed offset distance from the said speci 
?ed ?rst layer antenna element in a direction normal to the 
speci?ed aXis and tuning each ?rst layer antenna element 
and each additional layer antenna element to a fundamental 
mode for radiation of a speci?ed frequency. 

[0015] The method may comprise laying doWn an array of 
microstrip ?rst layer antenna elements on a ?rst dielectric 
sheet, the ?rst dielectric sheet maintaining the ?rst distance 
betWeen the ground plane element and the ?rst layer and, for 
each additional layer, laying doWn an array of microstrip 
additional layer antenna elements on an additional dielectric 
sheet, the additional dielectric sheet maintaining the distance 
betWeen the ?rst layer and the additional layer. The method 
may further comprise integrated circuit manufacturing of the 
microstrip feed lines and laying doWn the arrays to form 
substantially circular arrays. 

[0016] The method may comprise laying doWn the arrays 
to form columns and setting a phasing of ?rst layer antenna 
elements in adjacent columns to provide a gain sensitivity at 
the gain angle. The antenna elements may be truncated 
circles having central aXes parallel to truncated sides of the 
said elements, and the method may comprise orientating the 
?rst layer antenna elements such that the central aXes of 
adjacent ?rst layer antenna elements in a speci?ed column 
Which are connected to a speci?ed feed line are rotated 
through 90° With respect to each other. 
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[0017] The method may comprise connecting an outer 
conductor of at least one coaXial cable feed to the ground 
plane element and connecting a center conductor of the at 
least one coaXial cable feed to at least one of the feed lines. 
The method may also comprise increasing the additional 
layer antenna element offset distances in the direction nor 
mal to the speci?ed aXis as the respective additional layer 
distances from the ?rst layer increase. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The folloWing ?gures depict certain illustrative 
embodiments in Which like reference numerals refer to like 
elements. These depicted embodiments are to be understood 
as illustrative and not as limiting in any Way. 

[0019] FIG. 1 is a schematic representation of an offset 
stacked patch antenna; 

[0020] FIG. 2 is a cross sectional representation of an 
offset stacked patch antenna; 

[0021] FIG. 3 is a cross sectional representation of 
another embodiment of an offset stacked patch antenna. 

[0022] FIG. 4 is a gain pattern diagram for an offset 
stacked patch antenna; 

[0023] FIG. 5 is a top vieW of a group of patch antenna 
elements illustrating a portion of an antenna receiving 
netWork; 

[0024] 
FIG. 5; 

[0025] FIG. 7 is a top vieW of a group of patch antenna 
elements illustrating another embodiment of a portion of a 
feed netWork; and 

[0026] FIG. 8 is a top vieW of a phased array of patch 
antenna elements. 

FIG. 6 is a detailed vieW of one of the elements of 

DETAILED DESCRIPTION OF CERTAIN 
ILLUSTRATED EMBODIMENTS 

[0027] Referring noW to FIG. 1, there is illustrated a 
schematic vieW of a stacked patch antenna 10. In the 
illustrative embodiment of FIG. 1, antenna 10 may include 
three antenna elements 12, 14 and 16. HoWever, it can be 
understood that the number of elements is not limited to 
three and that tWo or more elements may be used. The 
antenna elements may be fabricated of metal, metal alloy, or 
other conducting materials as are knoWn in the art. In one 
embodiment, the elements 12, 14 and 16 are preferably 
microstrip antenna elements. Microstrip antenna elements 
are knoWn in the art and are planar metallic elements that are 
formed on a continuous dielectric substrate using conven 
tional integrated circuit manufacturing techniques, e.g., pho 
tolithography. Other forms and fabrications of antenna ele 
ments knoWn to those of ordinary skill in the art also may be 
employed. 
[0028] It Will be appreciated that elements 12, 14 and 16 
are shoWn in a side vieW in FIG. 1, With the planar surfaces 
of elements 12, 14 and 16 extending orthogonally to the 
plane of FIG. 1. In the embodiment shoWn in FIG. 1, 
element 12 can have a feed 18 and may be tuned near a 
fundamental mode for the frequencies of interest. Element 
12 may be maintained a distance d over, i.e., normal to, 
ground plane 20. Elements 14 and 16 are parasitic elements, 
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i.e., elements Without a feed, as are known in the art. In the 
context of the discussion herein, it can be understood that in 
general an antenna may operate in either a receiving or a 
transmitting mode. In a transmitting mode, the elements are 
poWered through a feed, such as feed 18, and signals are 
radiated from the elements. In a receiving mode, such as in 
the embodiments described herein, signals picked up by the 
antenna elements are carried from the elements to receiving 
components via the feed. 

[0029] Elements 14 and 16 can be spaced apart from 
element 12 at distances y1 and y2, respectively, in a direction 
normal to element 12. With respect to their geometric 
centers, elements 14 and 16 also can be offset distances x1 
and x2, respectively, from the geometric center of element 12 
Within their respective planes. In one embodiment, elements 
12, 14 and 16 can have substantially identical shapes and the 
spacings and offsets betWeen elements can be substantially 
identical, such that y2E2*y1 and x2E2*x1. It can be under 
stood that spacings and offsets may be varied to optimiZe 
performance of the antenna. Additionally, parasitic elements 
may differ in shape and siZe With respect to one another and 
With respect to element 12. HoWever, the siZes and shapes of 
parasitic elements 14 and 16 may be such as to be near 
resonance With element 12. 

[0030] Referring noW to FIG. 2, a cross sectional repre 
sentation of a microstrip stacked patch antenna embodiment 
of antenna 10 is shoWn. Ground plane 20 is provided With 
opening 22 at Which coaxial line 24 may be connected. 
Center conductor 18 of coaxial line 24 may pass through 
opening 22 to connect to element 12. It can be seen that 
conductor 18 may be run in the same plane as element 12 
and may be formed using the same integrated circuit manu 
facturing techniques. Other forms of feed lines, as are 
knoWn to those skilled in the art, may be used, e.g., element 
12 may be fed through a slot in ground plane 20. Ground 
plane 20 may be a solid metallic plate, or may be a 
metalliZed dielectric plate. Other forms of electrical con 
ductors at microWave frequencies, as are knoWn in the art, 
may be used for ground plane 20, e.g., a Wire grid. 

[0031] In one embodiment, dielectric sheet 26 may be 
disposed on ground plane 20 and element 12 may be 
disposed on dielectric sheet 26. Alternatively, in the embodi 
ment shoWn in FIG. 2, element 12 may be disposed on a 
separate support sheet 28. Similarly, elements 14 and 16 may 
be disposed on dielectric sheets 30 and 32, respectively, or 
may be disposed, as shoWn in FIG. 2, on separate support 
sheets 34 and 36, respectively. It is noted that support sheets 
28, 34 and 36 may be fabricated of dielectric material. 
Dielectric spacers 38 and 40 may be disposed on elements 
12 and 14 and may extend over elements 26 and 30, or 
elements 28 and 34, respectively, to maintain the spacings y1 
and y2. In one embodiment, dielectric sheet 26 may be 
formed of a high density polyole?n material, dielectric 
sheets 30 and 32 may be formed of a thin ?lm polyester 
material and spacers 38 and 40 may be formed of insulating 
material, e.g., expanded polystyrene. Other materials and 
manner of support knoWn to those skilled in the art also may 
be used. 

[0032] For example, spacers 38 and 40 may be incorpo 
rated With dielectric sheets 30 and 32, respectively, such that 
one single layer of dielectric material may be disposed 
betWeen elements 12 and 14 and another single layer of 

May 13, 2004 

dielectric material may be disposed betWeen elements 14 
and 16. FIG. 3 illustrates such an embodiment With element 
12 disposed directly on dielectric sheet 26, dielectric sheet 
30 extending to dielectric sheet 26 and dielectric sheet 32 
extending to support layer 34. 

[0033] It Will be appreciated that embodiments having 
other than microstrip antenna elements can be fabricated. As 
an example, elements 12, 14 and 16 may be fabricated from 
plate material, similar to the metallic plate ground plane 20 
described for the microstrip antenna of FIG. 2. Referring 
back to FIG. 1, the spacings and offsets betWeen elements 
formed of plate material can be maintained by suitable 
supports, such as supports 42, that may not interfere With the 
radiation pattern of antenna 10. Design of such supports may 
folloW guidelines knoWn in the art. In such embodiments, 
dielectric sheets 26, 30 and 32, support sheets 28, 34 and 36 
and spacers 38 and 40 (as described in relation to the 
microstrip element embodiment of FIG. 2) may be replaced 
by a layer of air betWeen the layers, identi?ed as 46 in FIG. 
1. 

[0034] Thus, it is evident that the means and methods for 
providing the spacings (y1 and y2) and the offsets (x1 and x2) 
can be chosen to suit the geometry and materials of stacked 
patch antenna 10 and particularly of elements 12, 14 and 16, 
in accordance With means and methods knoWn in the art. In 
operation, the stacking, or spaced apart relationship, of 
parasitic elements 14 and 16 over element 12 may provide 
antenna 10 With broad bandWidth as may be knoWn in the 
art. Additionally, the offsets betWeen the elements may result 
in a maximum gain rotated from the direction orthogonal to 
the plane of the antenna elements as Will be explained in 
further detail. 

[0035] Referring to FIG. 1, it has been found that for an 
antenna having the con?guration of stacked patch antenna 
10 and With antenna element 12 tuned to near the funda 
mental mode, the resulting maximum gain direction may be 
at an angle 0 With respect to an axis (Y-Y) orthogonal to the 
elements. The angle 0 may depend on the spacing, offset and 
siZe of the antenna elements 12, 14 and 16. Conceptually, 
antenna 10 may be compared to a dual mode patch antenna. 
As is knoWn, a dual mode patch antenna may consist of tWo 
elements, one directly above the other, Without an offset. The 
upper element of a dual mode patch antenna may be tuned 
to a fundamental mode, While the loWer element may be 
tuned to a second mode, With both elements having feed 
lines connected thereto. The resulting mode superposition 
can result in a direction of maximum gain rotated from the 
direction orthogonal to the plane of the antenna elements. 
HoWever, this approach may require multiple feed points for 
each patch and for each sense of polariZation, making it 
impractical as an antenna array element. Further, there may 
be no parameter available for rotating the direction of 
maximum gain other than that Which is inherent to the 
approach. The limitation in rotation for this approach can be 
approximately 30° from the direction orthogonal to the plane 
of the antenna element. 

[0036] The loWer element, i.e., element 12 of stacked 
patch antenna 10 may have a feed 18 and be tuned to a 
fundamental mode. Unlike the dual mode patch antenna, 
antenna 10 may have layers of parasitic elements positioned 
above element 12 (e.g., layers 14 and 16 of FIGS. 1 and 2). 
By correctly choosing the spacings (y1, y2) and offsets (x1, 
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x2) for a given size of the elements and frequency range, the 
superposition of the fundamental mode of element 12 and 
the parasitic fundamental modes of elements above the 
loWer element, e.g., the fundamental modes of elements 14 
and 16 of FIG. 1, can also result in a tilted direction of 
maximum gain. It is knoWn in the art that direct mathemati 
cal design for unbounded radiating structures, such as ele 
ments 12, 14 and 16, may not be feasible. Such structures 
may best be characteriZed using mathematical modeling 
algorithms and computer simulations as are available to 
those in the art, such as method of moments, or ?nite 
element modeling. 

[0037] As an example of such a design, an offset stacked 
patch antenna (referred to hereafter as Example 1) may be 
constructed With circular elements 12, 14 and 16 having 
diameters in the range of 0.30 inches, a stacking height 
betWeen elements in the range of 0.12 inches and an offset 
betWeen neighboring elements in a range of 0.18 inches. The 
element diameter may vary so as to correspond With (i.e., be 
tuned to) a desired frequency response, as is knoWn in the 
art. The diameter chosen for the Example 1 antenna may 
correspond to a frequency of 12.45 GHZ so as to receive 
broadcast signals from a television satellite. It is knoWn, 
hoWever, that stacking of elements may increase gain and 
bandWidth, such that the antenna of Example 1 may be 
operable in a range of betWeen about 8 GHZ and about 16 
GHZ. Based on the above relationships, the Example 1 
antenna so constructed may have direction of maximum gain 
tilted at an angle 0 in a range of about 45° With respect to 
an axis orthogonal to the plane of the antenna elements. 
FIG. 4 shoWs a gain pattern for the beam of an antenna at 
12.45 GHZ. The antenna on Which FIG. 4 is based may have 
the general con?guration of the Example 1 antenna, hoW 
ever, the elements may be truncated circles in lieu of the full 
circles as described for the Example 1 antenna. It Will be 
understood that element shapes, siZes, stack heights and 
offsets may be varied in accordance With the above 
described design methods for such structures so as to obtain 
desired frequencies and to provide beam angles 0 in a range 
of up to about 60°. 

[0038] The tilted gain of antenna 10 can be of use in a 
variety of applications. Such an antenna may be advanta 
geously utiliZed in mobile communications applications. As 
can be seen by the above Example 1, antenna 10 may be 
fabricated With a total height on the order of less than 1.0 cm, 
considering stack heights and the thickness of ground plane 
20 and dielectric sheet 26. 

[0039] Tracking of geosynchronous communications sat 
ellites, such as television satellites, from moving platforms 
Within the continental United States may require an antenna 
to acquire a signal at elevations from about 30° to 60°. For 
the antenna of Example 1, this may require a 115° tilt to aim 
the antenna of Example 1 at the satellite. When antenna 
tilting and rotation mechanisms, such as mechanism 44 of 
FIGS. 1 and 2, are considered, the total thickness for an 
antenna as in Example 1 capable of acquiring and tracking 
such a satellite from a moving vehicle may be on the order 
of 4 inches. In comparison With previously identi?ed anten 
nas, the antenna of Example 1 may provide greater than a 
tWofold reduction in height. 

[0040] FIG. 5 illustrates the base layer of a subassembly 
of antenna elements that can be advantageous in construct 
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ing antennas for satellite television reception in a moving 
vehicle. Array 100 may be a four roW by three column array 
of antenna elements 102, though other con?gurations of 
roWs and columns may be used. It may be noted that dashed 
line portions of FIG. 5 are not part of the four by three 
subassembly of FIG. 5 and may re?ect connections to 
incorporate the subassembly of FIG. 5 into a larger array, as 
Will be described in relation to FIG. 8. 

[0041] Television signals may be broadcast from tWo 
satellites co-located in geosynchronous orbit. The signals 
may be circularly polariZed, With one satellite signal being 
right hand circularly polariZed and the other left hand 
circularly polariZed. Elements 102 may have a truncated 
circular shape, as shoWn in FIG. 5, Which may have 
application Where circular polariZation may be used, though 
elements having other shapes may be used. It may be noted 
that an element 102 may correspond to element 12 in FIGS. 
1 and 2. 

[0042] FIG. 6 shoWs a detailed vieW of an element 102, 
having a central axis 102a parallel to the truncated sides 
102b of element 102. Considering a vieWpoint looking from 
the center of element 102 along the axis 102a and outWard 
from the center of element 102, it can be seen that a 
truncated circular element, such as element 102, may have 
a feed point to the right of axis 102a, such as at one of the 
points labeled r in FIG. 6, or a feed point to the left of axis 
102a of element 102, such as at one of the points labeled 1 
in FIG. 6. 

[0043] If the feed point is to the right of axis 102a, the 
signal from element 102 can be right hand circular (RHC) 
polariZed, as depicted by arroW R. Similarly, if the feed point 
is to the left of axis 102a, the signal from element 102 can 
be left hand circular (LHC) polariZed, as depicted by arroW 
L. Thus, the netWork of FIG. 5 may be seen to provide an 
antenna array capable of receiving both RHC and LHC 
polariZed signals from the co-located satellites, as the 
antenna elements 102 of array 100 may have both right and 
left feed point locations With respect to the vieWpoint 
described previously. Additionally, it may be knoWn that a 
phase shift of 180° may be provided betWeen one of the 
feeds labeled r and the other feed labeled r, or betWeen one 
of the feeds labeled 1 and the other feed labeled 1. 

[0044] Similarly, by appropriate choice of element shape 
and feed points, one can obtain any tWo mutually orthogonal 
polariZations, such as dual-linear or dual-elliptical polariZa 
tions. 

[0045] Referring back to FIG. 5, it can be seen that 
elements 102 having common feed 104 may receive RHC 
polariZed signals and elements 102 having common feed 
106 may receive LHC polariZed signals. It is noted that 
elements 102 betWeen common feeds 104 and 106, ie 
elements of the column designated C2 in FIG. 5, may 
receive RHC or LHC polariZed signals depending on 
Whether the signal is received through common feed 104 or 
common feed 106, respectively. 

[0046] In reference to common feed 104, the signals from 
element 102 at roW R1, column C1 (1,1), and from element 
102 at roW R3, column C1 (3,1) can be in phase as they may 
have identical feed lengths and orientation, the feed being 
from element 102 to f2, to f1 and to common feed 104. The 
longer feed length from elements (2,1) and (4,1), as shoWn 
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by offsets 6, can result in a 90° phase shift for the signals 
from elements (2,1) and (4,1) relative to the signals from 
elements (1,1) and (3,1). However, the —90° rotation of 
elements (2,1) and (4,1) With respect to elements (1,1) and 
(3,1) can result in the signals from the elements of column 
C being in phase With one another With respect to common 
feed 104. 

[0047] In the embodiment of FIG. 7, the elements 102 
may not be rotated, i.e., the aXes 102a of the elements 102 
can be parallel. In this embodiment, the elements in a 
column may have the same feed orientation, thus the lengths 
of the feeds from the elements 102 to f2 may be the same for 
each element 102 and offset 6 may be Zero. As With the 
embodiment of FIG. 5, the element orientation and feed 
lengths shoWn in FIG. 7 can result in the elements of column 
C1 being in phase With one another. 

[0048] In the embodiments of FIGS. 5 and 7, it can easily 
be seen that the signals from the elements of column C2 With 
respect to common feed 104 can be similarly in phase With 
one another. Looking noW at elements 102 of column C2 in 
relation to elements 102 of column C1, the added feed length 
resulting from the jog at f3 can result in a 665° phase shift 
for the signals from elements 102 of column C2 as compared 
to the elements 102 of column C1. Considering feed 104, 
elements 102 of column C2 may have a 180° rotation from 
corresponding elements 102 of column C1. (Compare, for 
eXample, elements (2,2) and (1,1) having diametrically 
opposed feeds.) Thus, the 665° phase shift resulting from 
the differing feed lengths and the 180° phase shift resulting 
from the rotation may result in a total phase shift of 246.5° 
betWeen the signals from the elements of column C1 and the 
signals from the elements of column C2 With respect to 
common feed 104. 

[0049] It can be seen from FIGS. 5 and 7, that elements 
102 in columns C2 and C3 have feed lengths and rotations 
With respect to common feed 106 analogous to those of the 
elements 102 of columns C1 and C2 With respect to common 
feed 104. Thus, the differences in feed lengths and rotations 
of the elements 102 of column C3 With respect to the 
elements 102 of column C2 can result in an analogous 2465° 
phase shift in the signals from the elements 102 of column 
C3 as compared to the elements 102 of column C2, With 
respect to common feed 106. 

[0050] It is knoWn in the art that adjusting the relative 
phase betWeen signals from antenna elements in an array of 
elements can result in shifting the spatial gain orientation of 
the antenna. It is further knoWn that the phase progression 
betWeen columns, such as betWeen C1 and C2, can be 
calculated from the expression 

[0051] Where d is the spacing betWeen columns, )L is the 
operating Wavelength and 00 is the desired scan angle. For 
eXample, if the operating frequency is 12.45 GHZ, i.e., 
)»=0.948 inches, the spacing d=0.91725 inches betWeen 
columns, and the desired scan angle 0O=45°, then phase may 
be 2465°. Thus, a progressive phase shift or relative phase 
of 246.5 ° betWeen signals from antenna elements in an array 
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can result in a 45° spatial gain orientation and the feed 
netWork of FIG. 5 can provide a direction of spatial gain or 
sensitivity at a 45 ° angle from the vertical for both RHC and 
LHC polariZed signals. It can be seen that by altering the 
feed lengths other phase shifts may be obtained. 

[0052] To optimally track the co-located television satel 
lites at elevations of from 30° to 60°, array 100 may need to 
tilt on the order of 115°, (i.e., 45°-30°, or 45°-60°). When 
compared to an antenna With a spatial gain or sensitivity in 
the vertical direction, i.e., normal to the plane of the antenna, 
Which requires a 60° tilt to track a satellite at a 30° elevation, 
the 45° direction of spatial gain orientation of array 100 can 
result in a substantial decrease in height requirements. 

[0053] In a phased array of conventional patch elements, 
in Which the maXimum gain is directed normal to the plane 
of the element, the gain, if phase scanned, may have a 
functional dependence on scan angle 00 in proportion to 
cosinen(0O), Where n is typically greater than 2 for conven 
tional patch elements. In a phased array using stacked patch 
elements as shoWn in FIGS. 1 and 2, such as array 100, in 
Which the maXimum gain may be directed at an angle 0 aWay 
from normal to the plane of the element, the gain if phase 
scanned may have a functional dependence on scan angle 

[0054] in proportion to cosine“(0O-0), facilitating a bene?t 
to array gain at scan angles 00 around 0. As an illustration, 
a conventional phased array scanned to 45° may have a gain 
of about 70% compared to the gain of array 100, in Which 
the maXimum gain of the patch elements 102 is prescanned 
to 45° by proper offset and spacing of the parasitic elements 
14 and 16. 

[0055] Thus, the direction of gain sensitivity resulting 
from the 2465° phase shift of the feed netWork of FIG. 5 
may correspond With the direction of maXimum gain result 
ing from the offset, stacked patch con?guration, so as to 
enhance signal acquisition at an angle of 45° from the plane 
of the antenna. Offset, stacked patch antennas having a base 
array 100 With a feed netWork as shoWn in FIG. 5 and 
having tWo corresponding parasitic arrays of elements 
spaced and offset in the manner of FIGS. 1 and 2 and the 
antenna of Example 1, can provide planar, loW height 
antennas With maXimum gain at an angle of 45 ° With respect 
to an aXis orthogonal to the plane of the antennas. It can be 
appreciated by those of skill in the art, that maXimum gain 
angles and phase shifts can be optimiZed for tracking 
satellites at other elevations, i.e., corresponding to other 
coverage areas besides the continental United States. 

[0056] Referring noW to FIG. 8, there is shoWn a top vieW 
of a phased array 200 of antenna elements 202, Which, 
together With corresponding parasitic arrays (not shoWn), 
may be con?gured to provide maXimum gain at 45° as 
described above. (For clarity, only one element per roW is 
identi?ed in FIG. 8.) It can be seen that array 200 may be 
con?gured of multiple iterations of the subassembly of FIG. 
5 (as indicated Within outline A in FIG. 8), With the 
connections 108, shoWn as dashed lines in FIG. 5, com 
pleted betWeen additional columns of elements 202 in order 
to complete the feed netWorks. Thus, With respect to one of 
the common feeds 204 or 206, corresponding respectively to 
common feeds 104 and 106 of FIG. 5, array 200 may have 
the same feed netWork con?guration as shoWn for array 100, 
With the netWork con?guration of array 100 simply eXtended 
to accommodate additional columns of elements. 
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[0057] For the embodiment of FIG. 8, six roWs of the 
extended feed network and additional columns of elements 
can be provided. In the embodiment of FIG. 8, array 200 can 
be arranged to ?t Within a circular shape (shoWn in phantom 
as shape 208) so as to minimiZe the rotation footprint of the 
array 200. In order to accommodate the circular shape 208, 
the number of columns of elements Within the roWs may 
vary. The roWs as shoWn in FIG. 8, may include 17, 23 and 
27 columns of elements. It is understood that shapes con 
taining the array 200 and con?gurations and numbers of 
roWs and columns of elements in array 200 are not limited 
to those indicated in FIG. 8. The shapes, con?gurations and 
numbers of roWs and columns of elements may be varied as 
is knoWn in the art to suit the geometry and frequency 
requirements of a desired application. 

[0058] Acquisition and tracking of RHC and LHC polar 
iZed television satellites having an elevation in a range of 
about 30° to 60° can be accomplished by mechanically 
tilting array 200 at an angle of up to about 115°. When 
mounted on a vehicle, the array may require further 
mechanical tilting to compensate for the tilt of the vehicle. 

[0059] While means and methods for accomplishing the 
proper tilt and rotation of the antenna of FIG. 8 are knoWn, 
the mechanism could be simpli?ed and the height required 
reduced if tilting is not required. This may be accomplished 
by the use of phased array technology as is knoWn in the art. 
As noted, a 246.5° phase shift betWeen adjacent columns, 
e.g., C1 and C2 of FIG. 5, of elements can be obtained With 
the feed netWork of arrays 100 and 200 so as to provide a 
spatial gain or sensitivity at 45°. By varying the phase shift, 
the spatial gain may be steered through a variety of angles, 
including those that may provide tracking of the aforemen 
tioned satellites. Given that the maximum gain for the offset 
stacked patch antenna is at 45° and that the satellites have an 
elevation in a range of about 30° to 60°, a steering angle of 
115° With respect to maximum gain may be required for 
acquisition of the satellite. 

[0060] Considering possible vehicle tilt caused by terrain 
or vehicle maneuvers, a total steering range of about 120° 
may be required to track the satellite from a moving vehicle. 
Because the offset stacked patch con?guration disclosed 
herein can provide an array element Which has superior gain 
over the required coverage range, an array Which utiliZes 
such offset stacked patch elements Will have performance 
superior to that achieved by an array of elements having 
maximum gain normal to the plane of the array. The gain 
achievable With the array of offset stacked elements Will 
approach the theoretical limit represented by the projected 
area of the array in the direction of scan. Thus a phased array 
antenna Wherein the phase shift can be varied to steer the 
spatial gain in elevation and Wherein the antenna can be 
mechanically rotated in direction can be advantageous in 
tracking a satellite from a moving vehicle. 

[0061] In order to vary the phasing of array 200, and thus 
to adjust the angle of spatial gain or sensitivity, a netWork of 
phase shifters 210 (shoWn in phantom in FIG. 8) may 
provide the necessary phase delays at common feeds 204, 
206 (only some of Which are identi?ed for clarity) of array 
200. Such phase shifters and their methods of use for 
controlling uniform progressive phase may be knoWn to 
those of skill in the art. 

[0062] While the systems and methods have been dis 
closed in connection With the illustrated embodiments, vari 
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ous modi?cations and improvements thereon Will become 
readily apparent to those skilled in the art. For example, 
those skilled in the art may recogniZe that, in addition to use 
With circularly polariZed signals as provided by television 
satellites directed to the continental United States, the sys 
tem and method may also ?nd use With dual linearly 
polariZed signals as used With satellites in Europe. The 
materials for, and siZing of the antenna elements and other 
components of the arrays and antennas described herein may 
be varied in accordance With the guidelines herein provided 
depending on frequencies, poWer levels, acquisition direc 
tions and properties desired. Accordingly, the spirit and 
scope of the present methods and systems is to be limited 
only by the folloWing claims. 

What is claimed is: 
1. An antenna having maximum gain at a gain angle With 

respect to a speci?ed axis of the antenna, the antenna 
comprising: 

a substantially planar conductive ground plane element 
normal to the speci?ed axis; 

a substantially planar ?rst layer, parallel to and having a 
?rst spaced apart relation from the ground plane ele 
ment, said ?rst layer comprising at least one ?rst layer 
antenna element tuned to a fundamental mode for 
radiation of a speci?ed frequency; 

for one or more of the said ?rst layer antenna elements, at 
least one feed line connected thereto; and 

at least one substantially planar additional layer, each said 
additional layer parallel to and having a respective 
spaced apart relation from the ?rst layer, each said 
additional layer comprising at least one respective 
additional layer antenna element tuned to the funda 
mental mode, Which respective additional layer antenna 
element corresponds to a speci?ed ?rst layer antenna 
element and has a respective offset relation from the 
said speci?ed ?rst layer antenna element in a direction 
normal to the speci?ed axis. 

2. The antenna of claim 1, Wherein each ?rst layer antenna 
element and each additional layer antenna element is a 
microstrip antenna element. 

3. The antenna of claim 2, Wherein each feed line com 
prises a microstrip feed in a plane of the ?rst layer. 

4. The antenna of claim 1, Wherein the ?rst layer antenna 
elements and the additional layer antenna elements consti 
tute a corresponding ?rst layer antenna element array and 
additional layer antenna element arrays, respectively. 

5. The antenna of claim 4, Wherein the ?rst layer antenna 
elements and the additional layer antenna elements are 
arranged so that the ?rst layer antenna element array and the 
additional layer antenna element arrays each are comprised 
of a plurality of roWs and a plurality of columns of antenna 
elements. 

6. The antenna of claim 4, Wherein the ?rst layer antenna 
elements and the additional layer antenna elements are 
arranged so that the ?rst layer antenna element array and the 
additional layer antenna element arrays are substantially 
circular. 

7. The antenna of claim 4, further comprising phasing 
means to set a phasing of adjacent ?rst layer antenna 
elements to provide a gain sensitivity at a speci?ed angle 
relative to the speci?ed axis of the antenna. 
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8. The antenna of claim 7, wherein the phasing means 
comprises phasing adjustment means to vary the speci?ed 
angle. 

9. The antenna of claim 7, Wherein the speci?ed angle is 
equal to the gain angle. 

10. The antenna of claim 5, Wherein the ?rst layer antenna 
elements and the additional layer antenna elements comprise 
truncated circles having central aXes parallel to truncated 
sides of the said elements. 

11. The antenna of claim 10, Wherein a plurality of ?rst 
layer antenna elements is connected to each feed line, and 
the said ?rst layer antenna elements are oriented such that 
the central aXes of adjacent ?rst layer antenna elements in a 
speci?ed column Which are connected to a speci?ed feed 
line are rotated through 90° With respect to each other. 

12. The antenna of claim 4, further comprising a dielectric 
material disposed on the ground plane element, the ?rst layer 
antenna elements being disposed on the said dielectric 
material, the said dielectric material maintaining the ?rst 
spaced apart relation. 

13. The antenna of claim 12, further comprising addi 
tional dielectric material disposed betWeen the ?rst layer and 
one additional layer, and betWeen successive additional 
layers When the antenna comprises more than one additional 
layer, the additional dielectric material maintaining the 
respective spaced apart relations from the ?rst layer for the 
respective additional layers. 

14. The antenna of claim 13, Wherein the ?rst layer 
antenna elements and the additional layer antenna elements 
comprise truncated circles having central aXes parallel to 
truncated sides of the said elements. 

15. The antenna of claim 14, further comprising phasing 
means to set a phasing of adjacent ?rst layer antenna 
elements to provide a gain sensitivity at a speci?ed angle 
relative to the speci?ed aXis of the antenna. 

16. The antenna of claim 15, Wherein the phasing means 
comprises phasing adjustment means to vary the speci?ed 
angle. 

17. The antenna of claim 15, Wherein the speci?ed angle 
is equal to the gain angle. 

18. The antenna of claim 14, Wherein the ?rst layer 
antenna elements and the additional layer antenna elements 
are arranged so that the ?rst layer antenna element array and 
the additional layer antenna element arrays each are com 
prised of a plurality of roWs and a plurality of columns of 
antenna elements. 

19. The antenna of claim 18, Wherein a plurality of ?rst 
layer antenna elements is connected to each feed line, and 
the said ?rst layer antenna elements are oriented such that 
the central aXes of adjacent ?rst layer antenna elements in a 
speci?ed column Which are connected to a speci?ed feed 
line are rotated through 90° With respect to each other. 

20. The antenna of claim 4, further comprising a rotation 
mechanism to rotate the antenna With respect to the speci?ed 
aXis. 

21. The antenna of claim 4, further comprising a tilting 
mechanism to tilt the antenna by changing the orientation of 
the speci?ed aXis. 

22. The antenna of claim 1, further comprising at least one 
coaXial cable feed having an outer conductor connected to 
the ground plane element and having a center conductor 
connected to at least one of the feed lines. 

23. The antenna of claim 1, Wherein the respective addi 
tional layer antenna element offset relations from the cor 
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responding ?rst layer antenna element increase as the 
respective additional layer spaced apart relations from the 
?rst layer increase. 

24. An antenna having maXimum gain at a gain angle With 
respect to a speci?ed aXis of the antenna, the antenna 
comprising: 

a substantially planar conductive ground plane element 
normal to the speci?ed axis; 

a substantially planar ?rst layer and at least one substan 
tially planar additional layer, each layer comprising a 
plurality of microstrip truncated circle antenna ele 
ments having central aXes parallel to truncated sides of 
the elements, the said elements tuned to a fundamental 
mode for radiation of a speci?ed frequency, the said 
elements forming corresponding arrays of elements on 
the layers, each layer being parallel to and having a 
respective spaced apart relation from the ground plane 
element, each array of additional layer elements having 
a respective offset relation from the array of ?rst layer 
elements in a direction normal to the speci?ed aXis, the 
offset relations increasing as the spaced apart relations 
increase; 

dielectric material disposed betWeen the ground plane 
element and the ?rst layer, betWeen the ?rst layer and 
one additional layer, and betWeen successive additional 
layers When the antenna comprises more than one 
additional layer, the dielectric material maintaining the 
respective spaced apart relations betWeen the layers; 

a microstrip feed network in a plane of the ?rst layer, 
Wherein ?rst layer antenna elements are connected to 
the feed netWork; and 

phasing means to set a phasing of adjacent ?rst layer 
antenna elements to provide a gain sensitivity at a 
speci?ed angle relative to the speci?ed aXis of the 
antenna. 

25. The antenna of claim 24, Wherein the ?rst layer 
antenna elements and the additional layer antenna elements 
are arranged so that the ?rst layer antenna element array and 
the additional layer antenna element arrays are substantially 
circular. 

26. The antenna of claim 25, further comprising a rotation 
mechanism to rotate the antenna With respect to the speci?ed 
aXis and a tilting mechanism to tilt the antenna by changing 
the orientation of the speci?ed aXis. 

27. A method of providing a maXimum gain of a stacked 
patch antenna at a gain angle With respect to a speci?ed aXis 
of the antenna, comprising: 

placing a substantially planar ?rst layer, comprising at 
least one ?rst layer antenna element, parallel to and a 
?rst distance apart from a substantially planar conduc 
tive ground plane element normal to the speci?ed aXis; 

connecting a feed line to one or more of said ?rst layer 
antenna elements; 

placing at least one substantially planar additional layer, 
parallel to and a speci?ed distance apart from the ?rst 
layer, each additional layer comprising at least one 
additional layer antenna element corresponding to a 
speci?ed ?rst layer antenna element and being offset a 
speci?ed offset distance from the said speci?ed ?rst 
layer antenna element in a direction normal to the 
speci?ed aXis; and 
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tuning each ?rst layer antenna element and each addi 
tional layer antenna element to a fundamental mode for 
radiation of a speci?ed frequency. 

28. The method of claim 27, Wherein the antenna elements 
are microstrip antenna elements, further comprising: 

laying doWn an array of microstrip ?rst layer antenna 
elements on a ?rst dielectric sheet, the ?rst dielectric 
sheet maintaining the ?rst distance betWeen the ground 
plane element and the ?rst layer; and 

for each additional layer, laying doWn an array of micros 
trip additional layer antenna elements on an additional 
dielectric sheet, the additional dielectric sheet main 
taining the distance betWeen the ?rst layer and the 
additional layer. 

29. The method of claim 28, Wherein the feed lines are 
microstrip feed lines, further comprising integrated circuit 
manufacturing of the said microstrip feed lines. 

30. The method of claim 28, Wherein laying doWn the 
arrays of antenna elements comprises laying doWn the 
antenna elements on the dielectric sheets to form substan 
tially circular arrays. 

31. The method of claim 28, Wherein laying doWn the 
arrays of antenna elements comprises laying doWn the 
antenna elements on the dielectric sheets to form columns; 
and 
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further comprising setting a phasing of ?rst layer antenna 
elements in adjacent columns to provide a gain sensi 
tivity at the gain angle. 

32. The method of claim 28, Wherein laying doWn the 
arrays of antenna elements comprises laying doWn the 
antenna elements on the dielectric sheets to form truncated 
circles having central aXes parallel to truncated sides of the 
said elements. 

33. The method of claim 32, Wherein laying doWn the ?rst 
layer antenna element array comprises laying doWn the ?rst 
layer antenna elements oriented such that the central aXes of 
adjacent ?rst layer antenna elements in a speci?ed colum 
Which are connected to a speci?ed feed line are rotated 
through 90° With respect to each other. 

34. The method of claim 27, further comprising connect 
ing an outer conductor of at least one coaXial cable feed to 
the ground plane element and connecting a center conductor 
of the said at least one coaXial cable feed to at least one of 
the feed lines. 

35. The method of claim 27, further comprising increas 
ing the additional layer antenna element offset distances in 
the direction normal to the speci?ed aXis as the respective 
additional layer distances from the ?rst layer increase. 


